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AbstrAct
Background While the BRAF V600E mutation occurs in 
5%–15% of metastatic colorectal cancer (mCRC), BRAF 
non- V600E mutations were recently reported to range 
from 1.6% to 5.1%. We have previously reported that 
BRAF non- V600E mutations could have a negative impact 
on efficacy outcomes as well as BRAF V600E mutation 
for antiepidermal growth factor receptor (EGFR) antibody 
treatment for pretreated patients with mCRC. Recently, 
simultaneous inhibitions of mitogen- activated protein 
kinase kinase (MEK), BRAF and EGFR exhibited relevant 
antitumour activities in patients with BRAF V600E mutant 
and also in BRAF non- V600E mutant but only in the 
preclinical model.
Trial design The BIG BANG (study is a multicentre, 
phase II study to assess the efficacy, safety 
and proof of concept of the combinations of 
binimetinib+encorafenib+cetuximab in patients with 
BRAF non- V600E mutated mCRC, identified by either 
tumour tissue (tumour tissue group) or blood samples 
(liquid biopsy group). Key eligibility criteria include Eastern 
Cooperative Oncology Group Performance Status of ≤1, 
mCRC with BRAF non- V600E mutant and RAS wild type, 
refractory or intolerant to at least one fluoropyrimidine- 
based regimen and no prior history of regorafenib, and 
no prior history of anti- EGFR antibody treatment (primary 
analysis cohort and liquid biopsy cohort) or refractory to 
prior anti- EGFR antibody treatment in patients with class 
3 BRAF mutations (anti- EGFR antibody refractory class 
three cohort). Enrolled patients receive binimetinib (45 mg, 
two times per day), encorafenib (300 mg, once a day) and 
cetuximab (initially 400 mg/m2 and subsequently 250 mg/
m2, once per week). The primary endpoint is the confirmed 
objective response rate in the primary analysis cohort.
Trial registration numbers UMIN000031857 and 
000031860.

InTroduCTIon
BRAF is a member of the RAF family of 
serine/threonine kinases that transduces 
signals in the mitogen- activated protein 
kinase (MAPK) pathway.1 The hotspot muta-
tion of BRAF V600E is found in approxi-
mately 5%–15% of patients with metastatic 
colorectal cancer (mCRC).2–4 BRAF V600E 
has been established as a marker of poor 
prognosis and limited efficacy for antie-
pidermal growth factor receptor (EGFR) 
antibody therapy.3 5 6 Recently, combination 
therapy with binimetinib, encorafenib and 
cetuximab has demonstrated prolongation 
of overall survival (OS) in pretreated patients 
with BRAF V600E mutated mCRC.7

In contrast, several studies have reported 
BRAF mutations other than V600E (BRAF 
non- V600E) ranging from 1.6% to 5.1% in 
patients with mCRC,8–12 and these mutants 
are increasingly identified in clinical prac-
tice with next- generation sequencing. A 
recent large cohort retrospective study has 
indicated that clinicopathological features 
of patients with BRAF non- V600E mutated 
mCRC were different from those with BRAF 
V600E mutated mCRC.11 BRAF mutations can 
be classified into three groups based on their 
biochemical and signalling mechanisms.13 14 
Class 1 is composed of mutations occurring 
in codon 600, including the V600E mutation, 
which exhibit high kinase activity and are 
RAS- independent because they can signal as 
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monomers. Mutations outside of the codon 600 in BRAF 
are divided into class 2 and class 3. Class 2 mutants are 
activating and RAS- independent; they dimerise and signal 
without RAS activation. Class 3 mutants exhibit low kinase 
activity or are kinase- dead but activate the MAPK pathway 
through enhanced RAS binding and subsequent RAS- 
dependent CRAF activation. These mechanisms might 
lead to differences between the clinical characteristics of 
patients with BRAF non- V600E mutated mCRC and those 
with BRAF V600E mutation.

In the BRAF non- V600E mutated cell line, anti- EGFR 
antibody monotherapy showed modest antitumour 
activity due to downstream RAF homodimerisation or 
heterodimerisation. Although a MEK inhibitor tempo-
rarily reduced p- ERK activity, reactivation of p- ERK soon 
occurred and was controlled by EGFR. Indeed, simulta-
neous inhibition of EGFR and MEK exhibited powerful 
inhibition of MAPK signalling in both class 2 and class 
3 BRAF non- V600E mutated cell lines. Furthermore, a 
combination of anti- EGFR antibody, BRAF inhibitor and 
MEK inhibitor exhibited more powerful antitumour 
activity in a BRAF non- V600E mutated cell line and in a 
xenograft model.15

In terms of the clinical effect of anti- EGFR antibody 
therapy, BRAF non- V600E mutations could have been 
negative predictive factors for anti- EGFR antibody 
treatment in patients with RAS wild- type mCRC in the 
Biomarker Research for Anti- EGFR Monoclonal Anti-
bodies by ComprehensiveCancer Genomics (BREAC) 
study as well as in the MD Anderson Cancer Centre 
cohort.12 16 In addition, according to the previous phase 
I/II study on patients with BRAF V600E mutated mCRC,17 
the combination of only anti- EGFR antibody and MEK 
inhibitor showed lower efficacy and greater grade 3 
dermatological toxicities compared with the triple combi-
nation of anti- EGFR antibody, BRAF inhibitor and MEK 
inhibitor, suggesting that combining BRAF inhibitors has 
not only additional efficacies but also a toxicity- mitigating 
effect. Based on these facts, we planned a multicentre 
phase II study with a combination of a MEK inhibitor, 
binimetinib, a BRAF inhibitor, encorafenib and an anti- 
EGFR antibody, cetuximab, using the same regimen as the 
BEACON- CRC study for BRAF V600E mutated mCRC, in 
patients with anti- EGFR antibody naïve BRAF non- V600E 
mutated mCRC.

Contradicting reports to the BREAC study and the MD 
Anderson Cancer Centre cohort have been reported 
recently. In an Italian study, three of four patients 
treated with upfront chemotherapy plus cetuximab 
provided partial response (PR).18 Furthermore, our 
large cohort study including 118 patients with BRAF non- 
V600E mutated mCRC in Japan and the USA revealed 
that patients with class 2 BRAF mutated mCRC did not 
respond to anti- EGFR antibody treatment, while some of 
those with class 3 mutations did respond.19 Based on these 
results, we also added an exploratory anti- EGFR antibody 
refractory class 3 cohort to investigate the efficacy of 

triple combination therapy in those who are refractory to 
prior anti- EGFR antibody therapy.

MeThods
study design and treatment
Our multicentre, proof- of- concept, phase II study aimed 
to evaluate the efficacy and safety of combination therapy 
of binimetinib, encorafenib and cetuximab in patients 
with BRAF non- V600E mutated mCRC. This study consists 
of two groups: patients with mCRC with the BRAF non- 
V600E mutation as determined by tumour tissue anal-
ysis are enrolled in the tumour tissue group, and those 
in with the BRAF non- V600E mutation as determined by 
blood samples analysis are enrolled in the liquid biopsy 
group. Patients who satisfy the eligibility of both groups 
are enrolled in the tumour tissue group. Tumour tissue 
analysis is mandatory for enrolment in the liquid biopsy 
group. Furthermore, the tumour tissue group includes 
the primary analysis cohort and anti- EGFR antibody 
refractory class 3 cohort (figure 1). Patients receive 
encorafenib 300 mg every day plus binimetinib 45 mg two 
times per day plus cetuximab 400 mg/m2, followed by 250 
mg/m2 intravenously per week in 28- day cycles. The study 
treatment continues until disease progression, unaccept-
able toxicity, patient withdrawal, investigator’s decision, 
pregnancy or death.

In this study, Guardant360 is used to screen patients 
harbouring the non- V600E BRAF mutation and to 
monitor the emergence of mutations causing resistance 
to the therapy in the following translational research 
as a circulating tumour DNA (ctDNA) test in blood 
samples. Guardant360 is a panel that detects 74 cancer- 
associated genomic alterations of ctDNA extracted from 
blood samples, using a digital sequencing technology by 
detecting single- nucleotide variation with a sensitivity of 
99.9% and a positive predictive value of 99.6%.

This study is registered in the University Hospital 
Medical Information Network.

Patients
Eligibility criteria are shown in box 1. Patients who meet 
all inclusion criteria A and all inclusion criteria in either 
B1 or B2 and do not meet any of the exclusion criteria are 
enrolled for study treatment. Patients who meet all inclu-
sion criteria A, but meet none of the inclusion criteria in 
B1 or B2, or who do not meet any of the exclusion criteria 
are enrolled in the natural history follow- up cohort and 
are followed up for information on antitumour treat-
ment, post- treatment and survival every 3 months as a 
historical control.

endpoints and assessments
The primary endpoint is the confirmed objective response 
rate (ORR) by the investigators' assessment in the primary 
analysis cohort. The secondary endpoints are progression- 
free survival (PFS), duration of response (DoR), disease 
control rate (DCR) as determined by the investigators' 
assessment, confirmed ORR by central radiological 
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Figure 1 Study design.

assessment, OS and the incidence of adverse events (AEs). 
Efficacy will be evaluated according to Response Evalua-
tion Criteria in Solid Tumours (RECIST) V.1.1 using CT 
every 4 weeks until the end of cycle 4, and thereafter every 
8 weeks. ORR is defined as the proportion of patients who 
achieve a complete response (CR) or a PR. OS is defined 
as the period from enrolment to death from any cause, 
and it is censored on the last day the patient is alive. PFS 
is defined as the period from enrolment to progression 
or death from any cause, and is censored on the last day 
the patient is alive without progression. DoR is defined 
as the period from the confirmed response to progres-
sion or death from any cause and is censored on the last 
day the patient is alive without progression. DCR is calcu-
lated as the proportion with CR, PR or stable disease as 
evaluated by RECIST V.1.1. AEs are assessed according 
to the Common Terminology Criteria for Adverse Events 
(CTCAE) V.4.0 before administration of the investiga-
tional drug on the administration day. In the liquid biopsy 
part, the same endpoints will be assessed.

Target sample size and statistical analysis
According to the three reports of anti- EGFR antibody 
treatment in patients with BRAF V600E mutated mCRC, 
the response rate was 0%–11%.5 20 21 Considering the 
sample size in each report, the pooled response rates 
were approximately 6% at best when several meta- analytic 
approaches were employed. The required sample size 
of the primary analysis cohort was calculated as 21 with 
an ORR of 30% deemed promising (one- sided α, 0.025; 
β, 0.2). Considering the feasibility issues, the planned 
sample size of anti- EGFR antibody refractory class 3 

cohort and liquid biopsy cohort was set at a maximum of 
10 patients, respectively.α

In the primary analysis cohort, a statistical significance 
will be declared when there are ≥5 responders in accor-
dance with the RECIST V.1.1, which corresponds to a 
criterion of ORR of ≥23.8%. The Kaplan- Meier method 
will be used to perform survival analyses. The incidence 
of AEs in the safety population will also be reported.

Biomarker analyses and translational research
Serial blood samples will be collected at three time points: 
before the start of the protocol treatment, before cycle 2 
and after the discontinuation of the protocol treatment. In 
patients who are able to have a tumour tissue biopsy, biopsy 
samples are also collected at the same three time points. We 
will investigate biomarkers for the efficacy of or resistance 
to the study treatment in patients with BRAF non- V600E 
mutated mCRC. The BRAF non- V600E test is performed at 
Clinical Laboratory Improvement Amendments or College 
of American Pathologists- certified laboratories. Blood 
samples will be analysed using Guardant360 to monitor the 
emergence of mutations causing resistance to the therapy. 
Additionally, we plan to establish new cancer cell lines with 
BRAF non- V600E mutated CRC using the tumour biopsy 
samples.

ConClusIon
The BIG BANG study is the first phase II study to evaluate 
the efficacy, safety and proof- of- concept (POC) of combina-
tion therapy with binimetinib, encorafenib and cetuximab 
in patients with BRAF non- V600E mutated mCRC.
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box 1 Eligibility criteria

Inclusion criteria A (all cohorts)
1. Age of 20 years or older on the day of signing informed consent.
2. Confirmed diagnosis of advanced (unresectable) or metastatic colorectal cancer by tissue diagnosis.
3. Patients who did not respond to or tolerate at least one chemotherapy regimen (including irinotecan or oxaliplatin) containing fluoropyrimidine drugs 

in the treatment of metastatic CRC and are thus eligible for second or later line treatment.
4. RAS wild- type and BRAF non- V600E mutated CRC. The diagnosis should be based on the results of associated genetic tests and the record should 

be available.
a. Patients with overlapping RAS mutation or BRAF V600E mutation in the same tumour sample are not considered eligible.
b. It is desirable that the tests be performed at a Clinical Laboratory Improvements Amendments- certified or quality- qualified central laboratory.
c. Patients with wild- type RAS and BRAF non- V600E mutation by tumour tissue analysis will be enrolled in the primary analysis cohort or anti- EGFR 

antibody refractory class 3 cohort. Patients with wild- type RAS and BRAF non- V600E mutation by blood sample analysis using liquid biopsy will 
be enrolled in the liquid biopsy cohort. If the patient satisfies the eligibility requirements of both the primary analysis cohort and the liquid biopsy 
cohort, the patient will be enrolled in the primary analysis cohort.

5. Eastern Cooperative Oncology Group Performance Status of 0 or 1.
6. Life expectancy of 3 months or longer.
7. Patients who signed a written informed consent.
Inclusion criteria B1 (primary analysis cohort and liquid biopsy group)
1. Measurable lesions in accordance with the Response Evaluation Criteria in Solid Tumours (RECIST) V.1.1.
2. No history of treatment with epidermal growth factor receptor (EGFR) inhibitors, including anti- EGFR antibody drugs cetuximab or panitumumab.
3. Patients with the following organ functions:

 – Neutrophil count≥1500/mm3.
 – Platelet count≥100 000/mm3.
 – Haemoglobin≥90.0 g/L.
 – Serum creatinine≤1.5 mg/dL or calculated or measured values of creatinine clearance≥50 mL/min.
 – T- Bil<1.5 mg/dL, not applicable in the case of Gilbert’s syndrome.
 – Alanine aminotransferase (ALT) and aspartate aminotransferase (AST)<100 or <200 IU/L with liver metastases.

4. Adequate cardiac function as characterised by the following at screening:
1. Left ventricular ejection fraction (LVEF) of ≥50% as determined by a multiple- gated acquisition technique (MUGA) scan or ECHO.
2. Mean triplicate QT interval corrected for heart rate using Fridericia's formula (QTcF) value of ≤480 ms.

5. Patients who can take oral medicine.
6. Women of childbearing potential who are negative for pregnancy in a urine pregnancy test.
Female patients and men must agree to take appropriate precautions to avoid pregnancy with screening until 90 days after the final administration of 
the investigational drugs (see section 6.5).

Inclusion criteria B2 (anti- eGFr antibody refractory class 3 cohort)
1. Measurable lesions in accordance with the RECIST V.1.1.
2. Patients with class 3 BRAF non- V600E mutated metastatic CRC as determined from tumour tissue samples.
3. Patients who are refractory to an anti- EGFR antibody, including cetuximab or panitumumab.
4. Patients with the following organ functions:

 – Neutrophil count≥1500/mm3.
 – Platelet count≥1 00 000/mm3.
 – Haemoglobin≥9.0 g/L.
 – Serum creatinine of ≤1.5 mg/dL or calculated or measured values of creatinine clearance of ≥50 mL/min.
 – T- Bil<1.5 mg/dL, not applicable in the case of Gilbert’s syndrome.
 – ALT and AST<100 or <200 IU/L with liver metastases.

5. Adequate cardiac function as characterised by the following at screening:
a. LVEF of ≥50% as determined by a MUGA scan or ECHO.
b. Mean triplicate QTcF value ≤480 ms.

6. Patients who can take oral medicine.
7. Women of childbearing potential who are negative for pregnancy in a urine pregnancy test.
8. Female patients and men agree to take appropriate precautions to avoid pregnancy with screening until 90 days after the final administration of the 

investigational drugs if of childbearing potential (see section 6.5).
exclusion criteria (all cohorts)
1. History of treatment with BRAF inhibitors or MEK inhibitors.
2. History of treatment with regorafenib.
3. Symptomatic brain metastases or meningeal dissemination.
4. Leptomeningeal disease.
5. Medical history, current condition or risk of retinal vein occlusion.
6. Inadequately controlled diabetes requiring insulin therapy.
7. Known acute or chronic pancreatitis.

Continued
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box 1 Continued

8. Medical history of clinically significant cardiac diseases.
9. Gastrointestinal function or gastrointestinal diseases that significantly interfere with absorption, distribution, metabolism and excretion of the study 

drugs.
10. No history of other malignant tumours within the 3 years prior to the start of study treatment. In cases of lesions corresponding to carcinoma in situ 

and intramucosal carcinoma judged to be cured by local therapy, non- metastatic prostate cancer not requiring systemic therapy, and other solid 
cancers that do not require therapy or are not estimated to be adversely affected by the study treatment, patients will not be excluded from the study 
if the coordinating committee concludes after consultation that there is no effect on the patient’s prognosis.

11. Medical history of thromboembolism within 6 months.
12. Concurrent neuromuscular disorder that is associated with the potential of elevated creatine kinase (CK).
13. Previous treatment with any of the following:

a. Cyclical chemotherapy within a period of time shorter than the cycle length used for that treatment .
b. Bevacizumab, aflibercept or ramucirumab within 3 weeks.
c. Biological therapy (except bevacizumab, aflibercept or ramucirumab), immunotherapy, marketed small- molecular compounds or non- marketed 

investigational anticancer treatments within 4 weeks, or within a period ≤5- fold of the half- life (whichever is shorter).
d. Prior radiotherapy to ≥30% of bone marrow.

14. Patients who have not recovered from Common Terminology Criteria for Adverse Events grade2 or higher toxicity due to previous chemotherapy.
15. Major surgery within 2 weeks before the start of study treatment.
16. Women who are breastfeeding.
17. Known HIV infection.
18. Patients with active hepatitis B or C.
19. Other serious, acute or chronic, medically important abnormalities.
20. Patients taking herbal preparations/medications.
21. Use of known potent cytochrome P450 3A4 inhibitors.
22. History of Gilbert’s syndrome or patients with UGT1A1∗6/∗6, UGT1A1∗28/∗28 and UGT1A1∗6/∗28.

In this era of precision medicine, the findings will shed 
light on the potential value of triple targeted combination 
therapy for patients with BRAF non- V600E mutated mCRC.
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